Analysis of topoisomerase II-mediated DNA cleavage in the 5'-region of the Drosophila hsp70 gene. Identification of a novel half-site DNA substrate for topoisomerase II cleavage.
Previous in vivo studies have identified a prominent 4'-demethylepipodophyllotoxin-9-(4,6-O-thionylidine-beta-D-g lucopyranoside) (VM-26)-induced double-stranded topoisomerase II cleavage site at approximately +80 relative to the start of Drosophila hsp70 transcription (Kroeger, P. E., and Rowe, T. C. (1992) Biochemistry 31, 2492-2502). Topoisomerase II binding at this site correlated with the repression of hsp70 transcription suggesting that this protein-DNA interaction was important in the regulation of hsp70 gene expression. In this paper, we investigated the interaction of purified Drosophila topoisomerase II with a 271-base pair DNA fragment containing the +80 region of the hsp70 gene using the topoisomerase II-specific inhibitor VM-26. VM-26-induced topoisomerase II cleavage of the hsp70 DNA resulted in a major 4-base staggered double-stranded break at +84. In the absence of ATP the +84 site was the only significant VM-26-induced cleavage site. Addition of ATP to the reaction resulted in a stimulation of topoisomerase cleavage throughout the 271-base pair DNA fragment. Deletion analyses determined that approximately 15 to 25 bp of flanking sequence were required for efficient cleavage at most topoisomerase II sites within the hsp70 DNA. However, in the case of the +84 site, topoisomerase cleavage still occurred even when this site was split in half by the restriction enzyme PstI. Topoisomerase II cleavage of both "half-site" DNA molecules occurred at the correct positions on the 4-base single-stranded DNA overhangs generated by PstI. Cleavage was reversible indicating that topoisomerase II could reseal the single-stranded DNA break formed in each half-site substrate. Denaturation of the half-site molecules abolished topoisomerase II cleavage suggesting that cleavage required the duplex region adjacent to the single-stranded cleavage site. Identification of this unusual half-site substrate provides additional evidence that double-stranded cleavage of DNA by topoisomerase II occurs via two sequential single-stranded breaks.